We report a rare case of a metastatic lung adenocarcinoma to a clinically non-functioning pituitary gonadotroph adenoma in a 66-year-old male experiencing progressive headaches and diminished vision. Magnetic resonance imaging revealed a large tumor containing cystic cavity and acute hemorrhagic areas in the sella turcica and extending into the suprasellar cistern. Pathologic examination was consistent with a metastasizing lung adenocarcinoma to a clinically non-functioning pituitary adenoma. Immunohistochemistry revealed both pituitary adenoma and metastatic adenocarcinoma containing FSH and LH immunoreactive cells in the pituitary adenoma whereas napsin A, TTF-1, cytokeratin7, Pancytokeratin and galectin-3 immunopositivity were evidenced by adenocarcinoma cells within sinusoids and around blood vessels. The patient underwent a transthoracic fine needle biopsy that was positive for adenocarcinoma (Napsin-A positive, p63 negative). It was therefore concluded that the primary site for the sellar metastasis was in the lung. Primary metastasis to pituitary gland is rare with the most common primary sites include lung, breast, kidney and the gastrointestinal tract. Although rare, any case with progressive local pressure symptoms and endocrinologic stigmata with or without other signs of malignancy requires further examination to rule out pituitary metastasis.
INTRODUCTION
Metastases to the pituitary have been previously reported in the literature (1) . Pituitary metastases occur more frequently in patients with widespread cancer and mainly involve the posterior lobe. As indicated in the literature pituitary gland but some tumors originating from the nervous system have been affected by various metastasizing malignant tumors. To date, 23 cases of metastatic carcinoma to a pituitary adenoma (PA) have been reported. Pituitary metastases can be the cause of a rapid enlargement of the gland associated with local pressure effects on adjacent tissues giving rise to related symptoms.
Herein, we present the morphologic and immunohistochemical findings of a metastatic adenocarcinoma to a clinically non-functioning gonadotroph cell (FSH/LH) PA. The review of the literature is also discussed and compared to our case to provide the opportunity to shed light on pathologic differential diagnosis including primary and metastatic pituitary tumors.
CASE PRESENTATION
A 66-year-old Caucasian male presented with progressive headache and gradual loss of vision for the last 2 weeks was admitted to the Neurosurgery outpatient clinic. His past medical history revealed no remarkable health issues.
His chest x-ray demonstrated a pulmonary mass in his right lower lobe. An endo-bronchial ultrasound assisted fine needle aspiration biopsy was interpreted as non-small cell lung carcinoma (NSCLC). Immunohistochemical analysis of the biopsy revealed p40 negative and napsin-A positive cells mostly likely supporting lung adenocar-cinoma while immunohistochemical analysis of the pituitary hormones failed to reveal any abnormalities.
Radiologic Findings
Magnetic resonance imaging (MRI) demonstrated a large tumor, 26x29x40 mm in dimension containing cystic cavity and acute hemorrhagic areas, hyperintense small areas on T2-weighted images involving the sella turcica and extending to the suprasellar cistern (Figure 1a, b) . Pre-operative and post-operative serologic endocrine markers showed no remarkable difference; only testosterone and ACTH levels were below normal limits. Blood analysis consisting of creatinine, glucose and HbA1C were within normal range (Table 1) .
Intraoperative and Postoperative Findings and Clinical Course
During surgery, a dilated sella turcica was identified. Intra-operative inspection revealed a suprasellar mass enlarging the sella and invading the suprasellar cistern. The soft gray mass contained scattered necrotic cystic foci and hemorrhagic foci. Intra-operative pathology consultation was consistent with a malignant tumor. At that time, evidence of origin was unknown. Post-operative MRI revealed an empty tumor lodge filled with fat tissue and hemostatic agents containing trace amounts of blood (Figure 1c, d) .
The post-operative period was uneventful. No evidence of electrolyte imbalance or hormonal changes were indicated, and the patient's vision remained the same as before surgery. Post-operative treatment for metastatic lung carcinoma accompanied by metastasizing deposits to pituitary adenoma was determined. The treatment included multi-modal chemoradiotherapy, consisting of pemetrekset disodium (Alimta) 500 mg/m 2 , Carboplatin AUC 6 and bevazisumab (Altuzan) 15 mg/kg. After the chemotherapy program, local radiotherapy was initiated. At the time of this report, 3 months following initial diagnosis of the metastasis, he was alive and without any significant morbidity.
Histopathological Findings
By light microscopy, sections from the surgically resected formalin-fixed paraffin-embedded (FFPE) tissue revealed an admixture of two characteristic neoplasms. The adenomatous component of this double tumor was formed by monotonous cells with acidophilic cytoplasms divided by fibrovascular septa forming micronodules (Figure 2a bodies. In some areas metastatic non-cohesive cells were filling sinusoids mimicking that they might easily be interpreted as atypical indigenous cells of a primary pituitary pathology, e.g. atypical adenoma.
Immunohistochemical Analysis
For the IHC analysis of the resected tumor, two sets of wide spectrum immunostaining panels for PA and metastatic neoplasms were selected for distinguishing metastatic cells from indigenous PA. Immunohistochemical batteries targeted for pituitary markers and metastatic panel were used. The IHC panel for PA was comprised of neuroendocrine biomarkers including growth hormone (GH), prolactin (PRL), adrenocorticotropic hormone (ACTH), follicle stimulating hormone (FSH), luteinizing hormone (LH), thyroid stimulating hormone (TSH), and S-100 protein, Glial Acidic (Figure 3a) . TTF-1 ( Figure   3b ) Pancytokeratin, CK7 (Figure 3c) , and galectin-3 ( Figure  3d ) deciphered their presence. The remaining antibodies were negative. MIB-1 labeling index was calculated as 2% for the PA and 48% (Figure 3e ) for the carcinoma whereas p53 nuclear protein was focal and mildly reactive in the PA and positive in carcinoma cells (Figure 3f ) In both tissues MGMT reactivity was intensely positive. Tissue for ultrastructural study was not available (Table 2) . 
DISCUSSION
Tumors metastasizing to the pituitary are extremely rare (2) . As evidenced in the literature 1 to 3.6% of patients with malignant tumors, pituitary metastasis does occur (3). This group represents between 0.14 and 28.1% of the brain metastasis cases (4) . In an earlier study, researchers found an incidence rate of metastatic disease to the pituitary gland of 1% (18 out of 1,857) autopsy cancer cases reviewed (1). Relative frequency of metastatic tumors among 18 cases, in decreasing frequency, were breast (n=7) and lung (n= 5) (1).
To date, 23 cases of carcinoma giving rise to metastasis to PA have been reported (5) ( Table 3) . Data analyzed within the last four decades has shown that the primary organs that gave rise to metastatic tumors were: lung, breast, kidney gastrointestinal tract, and prostate (Table 3) . Of these 23 reported cases, 17 presented with visual problems which included visual loss, visual field deficit, bitemporal hemianopsia, anopsia, double vision, exophthalmus, or sudden blindness, while only 7 presented with headache. Most of the patients were admitted due to symptoms related to local pressure effects of PA. Of 12 cases with functioning PA out of those who displayed metastasis by various malignant neoplasms, 3 were secreting GH, 5 were PRL , 1 case was ACTH and 3 other cases FSH/LH (6) (7) (8) (9) (10) (11) . Of the 23 PA six were non-functioning pituitary neoplasms unaccompanied by any endocrinologic manifestations (12) ( Table 3) .
Bret et al. examined two cases where visceral cancers metastasized to pituitary adenomas which were diagnosed as gonadotroph cell adenomas (11) . In various adenocarcinoma types indicate cellular configurations, patterns and immunoprofiles differ, depending from which organ they originate. Individual immunohistochemical batteries are critical to distinguish them. Preferred immunostains include CK7 and mammoglobin, GCDFP 15, ER, PR, Her2 for breast, EMA, TTF-1, napsin-A, CK7 for lung non-small cell carcinoma, TTF-1, CK7, chromogranin, synaptophysin, CD56 for NSCLC, CK20 and CDX2 for colon, vimentin and CD10, RCC for renal and PSA and PAP for prostate carcinoma (4).
Although CK7 is recommended for differential diagnosis of metastatic lesions, recent research has documented dispersed CK7 positive anterior pituitary cells, of which include dendritic processes. CK7 immunoreactive cells often displayed a dendritic-type morphology within macroadenomas. These cells contain cytoplasmic extensions resembling folliculostellate cells found in the anterior pituitary may look like a metastatic lesion. Therefore, the distribution pattern of CK7 positive cells is important since a diffuse pattern will most likely favor a metastatic neoplasm (13) . No adenomas were ever found to have diffuse, strong CK7 immunoreactivity. In this case, scattered CK positive cells amongst adenoma cells did not possess dendritic extensions. As a result, these discreet cells should most likely be considered as individual cancer cells rather than indigenous sporadic CK7+ cellular component.
Our case is an example of tumor-to-tumor metastasis as documented in various reports in which different visceral organs and nervous system receiving metastases (14) . The suggestive mechanisms underlying tumor-to-tumor metastasis have been explained either mechanistic angiogenic variables or due to biological infrastructure of recipient organ that eases metastatic cells to be deposited in an appropriate microenvi- ronment ("seed and soil"). Former theory proposes rich vascular framework of PA receives its blood directly from systemic vascular system. Consequently, this microvascular configuration authenticates bypassing of cancer cells and reaching the fertile soil, i.e. PA (15) . The latter theory presumes high expression of angiogenic factors (CD31, VEFG, VEGF1) by some tumor types incapacitating interaction between stromal cells and vascular endothelium to promote proliferation of extraneous metastasizing malignant cells (16) .
Data from publications confirms that the majority of non-functioning PA with metastatic deposits are gonadotroph adenomas (FSH/LH), prolactinomas, somatotropinomas, or corticotropinomas (7, 8, 10, 11, 16) . The majority of sellar masses have either local pressure symptomatology, and/or endocrine changes. Thus, the distinction of underlying pathology directs treatment and prognosis. Patients with pituitary metastasis have poor prognosis. Previous studies reported that patients with sellar metastasis died within a few weeks to 15 months after surgical intervention. Most of these cases were accompanied by widespread metastases (6, 9, 10, 16) . In addition to analysis of morphologic features, influence of specific IHC techniques bear an important role in diagnostic surgical pathology.
Galectin-3 is a multifunctional protein which has been implicated in regulation of cell growth, cell adhesion, cell proliferation, angiogenesis, apoptosis and metastasis (17) . It is found in the nuclear, cytoplasmic membranes and extracellular matrix. The major component, lectin performs an anti-apoptotic function and is expressed in many carcinomas, including NSCLC, adenomas, lymphomas and soft tissue tumors. In pituitary neoplasms, galectin-3 is expressed only in prolactinomas and corticotropinomas, with all remaining histotypes being immunonegative. Galectin-3 was also higher in ACTH and PRL cell carcinomas. As in this case, other than a few scattered cells of the PA, the carcinomatous component consisted of galectin-3 immunoreactive tumor cells. The relevant question remained whether the tumor was an ACTH or PRL-cell pituitary carcinoma with galectin-3 reacting cells or a metastatic tumor with diffusely reacting galectin-3. Almost all galectin-3 immunopositive malignant cells around capillaries reacted with napsin-A, TTF-1, CK7 and had a high MIB-1 labeling index. These combined features of the malignant cells favored rather an adenocarcinoma expressing intense galectin-3. Patients with NSCLC and those which express galectin-3 were documented as following a progressive clinical course (17) .
Other studies validate that increased expression of galectin family members, could correlate with elevated invasiveness. One study demonstrated that in 37 colon cancer patients, galectin-3 expression was significantly higher in patients with metastatic deposits in lymph nodes. In NSCLC, both galectin-3 expressivity in tumor tissue and higher serum level was consistent with increased risk of occult carcinoma. Therefore, galectin-3 could be a possible determinant of histotype of pituitary adenoma/carcinoma that is either PRL or ACTH or as a primary site of metastatic cells from which they take their origin, as documented in this atypical case.
CONCLUSION
In summary, our case documents a rare primary metastatic lung adenocarcinoma that has metastasized in a clinically non-functioning gonadotroph cell adenoma with some unusual morphologic and immunophenotypical features. Despite the fact that the patient had a mass in his left lung which was identified after hospital admission and confirmed to be a NSCLC by endobronchial ultrasound assisted biopsy, his neuroradiological and intraoperative findings were interpreted as a clinically non-functioning PA. The perplexing morphological features of metastatic deposits were their concealment around capillary network, possibly misdiagnosed as a pituitary carcinoma with lung metastases. Selected IHC pituitary and metastatic panels aided in recognition of a metastatic adenocarcinoma expressing napsin-A, TTF-1, CK7, galectin-3, high MIB-1 labeling index and strong p53 nuclear expressivity.
The use of multimodal chemotherapy and local sella radiotherapy is currently used, inevitably although sellar primary metastatic cases have sinister prognosis. Metastasis into PA is very rarely the initial site of disease presentation which may mimic a PA. The most common neurological deficits include headache, vision disturbances, and to lesser extent endocrine symptoms like obesity and amenorrhea. Since metastatic tumors may masquerade as a primary PA, it is important to remain cognizant "the gold standard" for final diagnosis is exclusively based on the histopathologic and immunohistochemical findings. 
